INTRODUCTION
As computer technology continues to advance, use of digital administrative databases is increasingly growing in healthcare settings worldwide. These databases anonymously store patients' data about healthcare assistance they received, including birth, death or disease treatment. Usually, diagnosis of the disease is associated with a specific code from the International Classification of Diseases (ICD-9) 9th or 10th revision. The ICD is designed to map health conditions to corresponding generic categories along with specific variations. Merging of individual patient data from administrative databases with other sources (eg, prescription and laboratory data) allows investigating a wide range of relevant and often unique public health questions 1 monitoring population health status over time, and performing population-based pharmacoepidemiological research. 1 These databases, therefore, have the potential to address important
Strengths and limitations of this study
▪ The study will evaluate the validity of the International Classification of Diseases, 9th Revision-Clinical Modification (ICD-9-CM) codes for cerebrovascular and cardiovascular diseases (acute myocardial infarction, heart failure, atrial fibrillation and stroke), using the administrative database of Umbria Region. ▪ The strength of this study is that it will review original source documentation available in medical charts to adjudicate case of cerebrovascular and cardiovascular diseases. ▪ Once the administrative database will be validated for the considered diseases, it can be used for outcome research including pharmacoepidemiology, health service research and quality of care research. ▪ Validation studies of administrative data are related to their context, and are not immediately generalisable to other settings.
issues in postmarketing surveillance 2 3 epidemiology 4 quality performance, and health services research. 5 However, there is a concern that the power of administrative databases as a source of healthcare information cannot be fully exploited unless they are thoroughly validated. [6] [7] [8] [9] For instance, a systematic review 10 of ICD-9 code validation in Italian administrative databases reported that only a few regional databases have been validated, and just for a limited number of ICD-9 codes of diseases. [11] [12] [13] [14] [15] [16] [17] [18] While non-clinical information in healthcare databases, such as demographic and prescription data, are highly accurate, 19 20 reliability of registered diagnoses and procedures is variable. 20 21 Determining the accuracy of the latter two categories of clinical information is important to all potential users, and involves confirming the consistency of information within the databases with the corresponding clinical records of patients. 19 Hence, it is imperative that health authorities systematically validate their databases for major diseases to productively use the information they contain.
In Western countries, cardiovascular and cerebrovascular diseases are the leading cause of mortality and morbidity, and represent a major social and economic problem. In this context, most of the burden is due to occurrence of acute myocardial infarction (AMI), 22 heart failure (HF), 23 24 atrial fibrillation (AF) 25 and stroke. 17 Administrative healthcare databases can provide a comprehensive understanding of the burden of these diseases in terms of important outcomes such as mortality, hospital readmissions and use of other healthcare resources. In addition, such databases can aid in monitoring adherence to essential drug therapies, including the use of evidence-based therapies.
The Regional Health Authority of Umbria has started a research regarding case definitions of diseases [26] [27] [28] as well as validating ICD-9 codes for diseases. 29 The objective of the present protocol is to evaluate the accuracy of the ICD-9-CM codes related to AMI, HF, AF, ischaemic and haemorrhagic stroke (intracerebral and subarachnoidal haemorrhage) in the administrative database of the Regional Health Authority of Umbria.
METHODS

Setting and data source Administrative database
The Regional Administrative Database of Umbria gathers information regarding all hospital admission medical records on all 910 000 residents, including personal demographics, hospital admission and discharge dates, vital status, hospital department, primary and secondary diagnoses and surgical or diagnostic procedures. In addition, the database records all drug prescriptions listed in the National Drug Formulary, and it allows identification of the prescriber. In Italy, all hospital medical doctors, including those who fill discharge diagnoses, are salaried.
The Regional Administrative Database has been used for pharmacoepidemiology and drug-related outcome researches. 2 30-32 Each resident has a unique national identification code, with which it is possible to link the various types of information, corresponding to each person, within the database. In Italy, healthcare assistance is covered almost entirely by the Italian National Health System (NHS), therefore most residents' significant healthcare information can be found within the healthcare databases.
Source population Source population will be represented by permanent residents aged 18 or above of Umbria Region. Any resident that has been discharged alive (with exclusion of voluntary discharge and interhospital transfer of patients) from a hospital with a diagnosis of AMI, AF, HF and stroke (ischaemic stroke, intracerebral haemorrhage, subarachnoidal haemorrhage) will be considered. Residents that have been hospitalised outside the regional territory of competence will be excluded from analysis.
Case selection and sampling method
Patients with the first occurrence of below diagnosis located in primary positioning of the administrative database between 2012 and 2014 will be identified using the following groups of ICD-9-CM codes: (1) 410 for AMI; (2) 427.31 for AF and 427.32 for atrial flutter; (3) 428 for HF; (4) 433.×1, 434 (excluding 434.x0), 436 for ischaemic stroke, 430 and 431 for haemorrhagic stroke (subarachnoid haemorrhage and intracerebral haemorrhage). It is worth mentioning that according to the Italian legislation, the principal diagnosis coding needs to be based on the condition identified at the end of hospitalisation, which constitutes the main cause of the need of treatment and/or diagnostic tests, and is mainly responsible for the use of resources. 33 34 Table 1 displays the description of the ICD-9-CM codes for each disease of interest.
Validation criteria
Criteria used for validation of the considered ICD-9-CM codes will be those derived from international guidelines if available, or systematic reviews published on these topics.
Acute myocardial infarction
For validation of AMI, we will consider the Guidelines of the European Society of Cardiology 35 using the relative set of guidelines available at the time of each patient's discharge. To adjudicate the event as an AMI, in addition to troponin release (with at least one peak level greater than the upper limit of reference range), at least one of the following criteria of the reference standard needs to be met: A. Cardiac symptoms at rest (eg, such as angina, chest pain, chest discomfort, chest heaviness, or substernal 
Atrial fibrillation
To validate ICD-9 code 427.31 (index test) related to AF, we will require at least one ECG tracing documenting the presence of AF when present in the medical record. However, in the medical literature, 36 alternative criteria have been used to identify cases of AF: (1) any mention of current AF, without a reference ECG; (2) two ECG measurements documenting the presence of AF in the same hospital admission; (3) the presence of at least two ECG documenting the presence of AF in more than one hospital admissions for AF in the same period. Accordingly, we will also record and analyse charts according to these different criteria for subsequent comparison, in order to understand which algorithm gives the best diagnostic yield.
Heart failure For the validation of the ICD-9-CM 428.x relating to HF, we will consider the European Society of Cardiology Heart Failure Guidelines published at the time of patient's discharge. 37 Those guidelines consider the algorithm for the diagnosis of HF in the non-acute setting and in the acute setting. Since the ICD-9 codes do not distinguish between the acute and non-acute setting, we will combine the clinical presentation of both settings.
Diagnosis of HF will be adjudicated when, in addition to the presence of symptoms (such as dyspnoea, orthopnoea), or presence of signs at physical examination (rales, bilateral ankle oedema, increased jugular venous pressure, displaced apical beat), at least one of the following conditions are found in the medical chart: 1. any abnormality in resting ECG (ie, sinoatrial disease, atrioventricular block, or abnormal intraventricular conduction); 2. plasma natriuretic peptides (NPs) concentration (elevated levels of NPs are considered brain natriuretic peptide (BNP) ≥35 pg/mL and/or N-terminal probrain natriuretic peptide (NT-proBNP) ≥125 pg/mL); 3. echocardiography abnormalities (ventricular and atrial volumes and function) attributable to heart failure.
Stroke
For the validation of stroke, we will consider the ICD-9 codes related to stroke valid when both of the following conditions will be present: 6 38 39 (1) detection of focal lesions by neurological examination; (2) imaging test (CT or MRI).
Neuroimaging will be the main discriminator among the two types of stroke: negative imaging for haemorrhage will classify the case as ischaemic stroke (ICD-9-CM codes: 433.x1, 434.xx (excluding 434.x0), 436, 437.1); neuroimaging that shows the presence of haemorrhagic lesion will classify the case as haemorrhagic stroke (codes 431, 430).
Chart abstraction and case ascertainment
The corresponding medical charts of the randomly selected sample cases for each ICD-9 code will be obtained from hospitals for validation purposes. From each medical chart, the following information will be retrieved: unique identification patient code, date of birth, gender, dates of hospital admission and discharge, any diagnostic procedure and treatment that contributed to the diagnosis of the disease.
For each target disease, we will abstract data regarding clinical, laboratory and instrumental data, including the date or dates of performance. Specifically, for AMI, we will record any cardiac signs and symptoms, cardiac enzymes (eg, troponin levels), ECG data, other diagnostic instrumental examinations (ie, angiography); for AF, we will record any cardiac signs and symptoms, ECG data or other instrumental examinations (eg, echocardiography); for HF, we will record any cardiac symptoms and signs, plasma NPs concentration, ECG data and echocardiography measurements or other instrumental examinations of interest; for stroke, we will record any neurological signs and symptoms, imaging test (CT or MRI), any other laboratory or instrumental measurement.
Two medical doctors acting as chart reviewers will receive specific training on data abstraction. An initial chart review will be performed, with each reviewer independently examining the same medical charts (n=20). The interreviewer agreement between the two reviewers regarding presence or absence of the diseases considered among the pairs of reviewers will be calculated using κ statistics. This process will be reiterated until the strength of agreement among the pairs of reviewers will be optimal (κ statistics between 0.81 and 1.00). Any discrepancies between the two reviewers will be resolved by consensus and where necessary, a third expert will be involved.
Case adjudication of disease within medical charts will be based on symptoms, laboratory and diagnostic tests for each cerebrovascular and cardiovascular disease considered.
Statistical analysis
For each condition, we anticipate that a sample of 121 charts of cases will be necessary to obtain an expected sensitivity of 80% with a precision of 8% and a power of 80% according to binomial exact calculation. For an expected specificity of 90% ( precision of 8% and a power of 80%), we will randomly select from the same administrative database 73 non-cases, that is, medical records belonging to diseases of the circulatory system (ICD-9-CM codes 390-459) but without the ICD-9-codes of interest. Expected accuracy figures were based on the published literature. [6] [7] [8] [9] Sensitivity and specificity will be analysed separately for each ICD-9-CM code by constructing 2×2 tables. Sensitivity expresses the proportion of 'true positives' (ie, AMI classified as positive by the administrative database and medical record review) and all cases deemed positive by medical chart review. Specificity expresses the proportion of 'true negatives' (ie, AMI identified as negative by the administrative database and medical record review), and with all cases deemed negative by medical chart review. For both sensitivity and specificity, 95% CIs will be calculated. We account for a 10% of missing charts for sensitivity and specificity. Positive and negative predicting values will also be reported along with their 95% CI.
Reporting
Complete, transparent and accurate reporting is essential in research, 40 because it allows readers to assess internal validity as well as to evaluate the generalisability and applicability of results. 41 To ensure quality and thoroughness of reporting, any dissemination or publication of the results from the present study will follow recommended guidelines based on the criteria published by the Standards for Reporting of Diagnostic accuracy (STARD) initiative for the accurate reporting of investigations of diagnostic studies. [41] [42] [43] The project will be completed within 2 years.
DISCUSSION
Administrative databases constitute a valid instrument to get insights into epidemiology and health management, and to get 'real-world' knowledge, of major disease under situations in which randomised trials are not able to provide the required evidence, for practical or economic reasons, or because of selective inclusion criteria. Epidemiological studies are frequently based on administrative claims databases to identify cases of specific diseases, such as AMI, and often contain ICD-9 codes. These codes have the advantage of being widely available and require lower effort and cost than consulting medical charts. 20 However, their effective exploitation hinges on the prerequisite that coding does reliably reflect the clinical condition of a given patient.
In this protocol, we present the approach to be used to analyse the validity of ICD-9-CM codes for important cardiovascular diseases, such as AMI, HF, AF, and stroke using the Regional Health database of Umbria.
We seek to verify whether an acceptable level (at least 80% for sensitivity and 90% for specificity) of operating characteristics is in fact achieved for each identified ICD-9-CM codes. In case of inadequate level of validation, algorithms will be considered to explore potential elements to enhance the level of validation. Elements of an algorithm may include the type of the data source, number of years of administrative data, other diagnostic codes, medication use or laboratory data. The algorithms selected for evaluation will be based on the literature review and consultations with clinicians, health services researchers. If the desired accuracy is not reached despite the use of algorithms, results of our research will be used to identify potential areas for improvement for future validation.
DISSEMINATION
Study results will be disseminated widely through peerreviewed publications and presentations at national and international conferences.
